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CHAPTER 25
Conserving and Treating Fresh Cassava Roots
Cassava (Manihot esculenta Crantz) is an important 
and economic food source of calories, especially for 
the low-income population of the tropics. Scientists 
have accordingly made major efforts to develop higher 
yielding varieties and design appropriate low-input 
technologies that improve crop production. The 
on-farm application of these technologies has triggered 
significant production increases. 
Because cassava is increasingly used as human 
food and in other fields, special attention should be 
given to the development and transfer of different 
postharvest technologies to solve the problem of the 
fast deterioration of cassava roots once harvested. 
Postharvest deterioration not only increases production 
costs and risks, but also causes considerable losses to 
wholesale dealers and retailers. As a result, high 
marketing margins are created for this crop to 
compensate the appreciable volume of roots lost. 
To help solve this problem and increase the 
demand and marketing options for cassava, the Centro 
Internacional de Agricultura Tropical (CIAT)3 and other 
research entities have developed ways of conserving 
harvested cassava roots that are low cost and allow 
long-term storage. 
Physicochemical Composition of Roots
Cassava roots are rich in calories, but deficient in 
proteins, fats, minerals, and vitamins. Root tissues also 
contain several secondary compounds: 
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•	 Polyphenols—the most important—are 
involved in the postharvest physiological 
deterioration described above.
•	 Tannins, which are found in low concentrations 
in fresh parenchyma, but in larger quantities in 
the peel.  
•	 Dry matter (DM), which accounts for 30%–45% 
of the parenchyma. Carbohydrates (the non-
nitrogen fraction) account for 90%–95% of the 
DM (Table 25-1).  
•	 Cyanide (CN-), a radical that generates toxic 
compounds at certain levels, which is found in 
variable amounts in cassava roots. It is found 
mainly as a cyanogenic glucoside known as 
linamarin (90%), with the rest being free 
cyanide.
Table 25-1. Chemical composition of cassava roots.
 Root component  Contents 
 Energy  1460  calories/kg 
 Water  66.00% 
 Carbohydrates  35% 
 Protein  1.2% 
 Fat  0.2% 
 Fiber  3.1% 
 Ash  1.9% 
 Calcium  330 mg/kg 
 Iron  7 mg/kg 
 Phosphorus  440 mg/kg 
 Vitamin A  0.21 mg/kg 
 Thiamine  0.6 mg/kg 
 Riboflavin  0.8 mg/kg 
 Niacin  6 mg/kg 
 Vitamin C  360 mg/kg
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The characteristics described above vary according 
to variety and factors such as plant age, soil type, 
fertilizer applications, and harvest time. 
Root Deterioration
After harvest, cassava roots may undergo two types of 
deterioration: one physiological and the other 
microbial. 
Physiological deterioration
Physiological deterioration appears first with different 
root tissues acquiring a blackish-blue color, especially 
near the xylem (Figure 25-1). This is caused by a 
postharvest accumulation of certain phenolic 
compounds that, when polymerized, form the blackish-
blue pigment. 
Visible signs of physiological deterioration appear 
from 24 to 48 h after harvest. Before these signs 
appear, roots show brilliant blue fluorescence under 
ultraviolet light because of the accumulation of a 
phenol known as scopoletin. This fluorescence is a 
sure indication that deterioration has started. 
Physiological deterioration starts rapidly in wounds, 
which almost always occur in the root’s distal and 
proximal extremes during harvest. 
Physiological deterioration involves enzymatic 
reactions that need oxygen to develop. Therefore it can 
be prevented by impeding the access of oxygen to 
parenchymatous tissues or by inhibiting enzymatic 
reactions. Knowledge of these mechanisms led to the 
design of storage systems in which factors favoring 
deterioration in roots are eliminated. For example:
Storage in an atmosphere of nitrogen or vacuum 
eliminates environmental oxygen. This isolation can also 
be achieved by covering cassava roots with thin layers of 
paraffin that act as an artificial barrier to oxygen. 
Roots may also be stored at low temperatures to 
inhibit enzymatic processes. At 2 ºC, polyphenoloxidase 
and other related enzymes forming the typical pigments  
of physiological deterioration are inhibited. 
Microbial deterioration
Microbial decomposition begins on days 5 to 7 after 
harvest. It initially manifests as a vascular streak, similar  
to that observed in physiological deterioration, and then 
becomes a moist rot, with fermentation and maceration  
of tissues (Figure 25-2).
Microbial deterioration is related to the activity of 
several pathogenic microorganisms and is therefore 
accelerated in an environment with high relative humidity 
and temperatures, especially in physically damaged roots. 
Etiological studies have isolated, from affected tissues, 
fungi of the genera Penicillium, Aspergillus, Rhizopus, 
and Fusarium, as well as several species of bacteria of the 
genera Bacillus, Pseudomonas, and Corynebacterium. 
Root Quality
Quality comprises all the conditions and characteristics  
of a product, including its internal composition—enforced 
through legal provisions—and meeting consumer 
preferences or acceptability. Even if a product complies 
with legal provisions, it may, nevertheless, be rejected by 
the consumer because of its color, smell, or flavor. Roots 
must therefore undergo adequate treatment to meet the 
requirements of the markets in which they are to be 
offered. 
Figure 25-1.  Physiological deterioration gives tissues close to  
the xylem a dark blue color (arrows): cross-sectional 
cut (A) and longitudinal cut (B) of a cassava root.
Figure 25-2. Microbial deterioration first appears as vascular 
streaking (A) and then as moist rot (B).
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481
Conserving and Treating Fresh Cassava Roots
Quality criteria for roots as demanded by the fresh 
market are rigorous even though they vary considerably 
from region to region. Good root quality is usually 
associated with the following aspects: low cyanide 
content, intermediate DM and starch contents, 
acceptable culinary quality, and resistance to 
deterioration. Total cyanide content of pulp for fresh-
root consumption should not exceed 60 ppm. Cooking 
the roots eliminates the cyanide from the pulp tissue. 
Culinary quality
Culinary quality refers to the time required to cook or 
prepare the roots as well as their acceptance by 
consumers. To determine the culinary quality of a given 
cassava variety, several plants are selected at random 
from the plot, their roots harvested, and then various 
roots selected at random for cooking. 
For cassava, good cooking quality depends on: 
•	 Cooking time: after 30 min of cooking, its 
consistency is between hard and very soft.  
•	 Flavor: neither bitter nor sweet. Bitterness 
indicates that the roots have high hydrocyanic 
acid (HCN) content, whereas sweetness indicates 
high sugar content.  
•	 Fibers: no fibers should be present nor should 
the parenchymatous tissues be lignified.  
•	 Consistency: cooked pulp should be firm, 
without hard parts or a glassy appearance; the 
starch should be white or yellowish in color,  
never transparent. 
These factors are mostly detected during 
consumption of the cooked cassava and cannot be 
distinguished by observing the roots’ external 
appearance. 
In brief, quality factors and conditions of cooked 
cassava should be as follows: 
Quality factor  Conditions 
Cooking time  <30 min (parenchyma) 
Flavor   Neither bitter nor sweet
Consistency   Firm
Fibrousness   Absent 
Starch color   White or yellow
Morphological quality
Morphological quality has to do with certain 
characteristics of the shape of the root that, depending 
on the variety, determine its suitability for conservation. 
The principal aspects affecting morphological quality 
include: 
•	 Shape of roots. Cylindrical or conic roots, with 
well-developed peduncles, are highly desirable 
because they suffer less physical damage 
during harvest and storage. Round roots are 
also preferable because roots with imperfect 
shapes may suffer damage to the peel during 
transportation and storage. 
•	 Length of peduncles. Long peduncles are 
better than short ones because it is difficult to 
separate the latter from the stump and, once 
separated, the peel almost always breaks and 
the parenchyma is damaged.  
•	 Length of roots. Rather long roots are 
undesirable as long roots break easily during 
harvest (Figure 25-3).
The previous criteria indicate that the most 
appropriate cassava varieties for conservation are those 
with medium-sized roots and well-developed peduncles 
Figure 25-3. Characteristics of the cassava root peduncle and 
shape that make roots apt for conservation (X = not 
suitable).
Hard to detach 
from stem  
without  
damaging it
Peduncle development
Well  
formed
Poorly  
formed
Root shape
Cylindric
Conic
Round
Capacity for
conservation
Notes
√
X
√
√
X Tends to crack
482
 Cassava in the Third Millennium: …
(Figure 25-4). These roots suffer less physical damage 
during harvest, selection, and storage.
Sanitary quality
Healthy roots do not present external or internal rot. To 
ensure quality, any root presenting rot must be 
discarded, as only one, even with an incipient disorder, 
may cause the complete loss of an entire root lot. 
Such rots are not always easy to detect. Internal rot 
due to cassava root smallpox is transmitted through a 
subterranean burrower bug (Cyrtomenus bergi). The 
rot is not visible on the outside, and roots must be 
peeled to evidence the rot (Figure 25-5). Some stem 
diseases can infect roots through the lignified 
peduncle. Therefore roots must be carefully selected 
after harvesting.
Storing Fresh Cassava
To date there is no universal technique to conserve 
cassava roots for commercial use. Even the most 
refined techniques have limitations, some because of 
their high costs. Furthermore, the simplest techniques 
have not been disseminated in agricultural practice, 
despite satisfactory results obtained at experimental 
levels. Depending on duration, there are three types of 
root storage: short-, medium-, and long-term. 
Short-term storage (7 to 10 days) overcomes some 
of the obstacles currently hindering cassava marketing 
and can reduce losses by deterioration that tend to 
occur before the product is sold. This is a feasible 
system that should meet the following requirements: 
•	 Be low-cost
•	 Be easy to apply and readily adaptable to the 
current marketing system 
•	 Prevent physiological and microbial deterioration 
of roots by favoring the healing of wounds 
•	 Be easy to transport 
•	 Conserve the roots’ culinary quality and 
appearance 
Medium-term storage (2 to 3 weeks) tends to be 
more expensive and complex than short-term storage. 
Its principal objective is to provide conditions so that 
root wounds are healed, stopping the advance of 
physiological and microbial deterioration. Roots should 
still be easy to transport and root quality should remain 
unchanged. Examples of this type of storage are 
systems involving the application of paraffin, wax, and 
the use of boxes containing wet sawdust. 
Long-term storage can conserve roots for more 
than 3 weeks. It is unlikely that this system will be used 
because of the difficulty of maintaining root quality over 
prolonged time periods, as the roots usually acquire a 
sweet flavor due to starch hydrolysis. Furthermore, the 
probability of loss due to microbial deterioration 
increases. Freezing is a good example of a long-term 
storage system that avoids these effects; however, it is 
expensive and only economical when roots are destined 
for export or supermarkets, in which case costs are not 
a significant factor. 
Traditional methods
Traditional storage techniques are simple. For example, 
small quantities of roots are buried, covered with mud, 
or stored in water. These methods are successful 
because storage conditions are propitious for healing 
any wounds that the roots may have. They are 
inappropriate, however, for storing large amounts of 
cassava and much less if the storage period is 
prolonged. 
Figure 25-4. Medium-sized roots with a well developed peduncle 
conserve better.
Figure 25-5. Root affected by the cassava smallpox disease.
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Field silos. The earthen and straw silos used to 
preserve potato have been tested for storing cassava 
roots. The silo is built on dry and leveled land. Inside 
the silo, fresh roots are conically piled on a circular bed 
made of straw or dry cane or grass leaves, then covered 
first with straw, similar to that used at the base, followed 
by earth. A drainage ditch is then dug around the silo 
(Figure 25-6; Booth 1977).
The silo maintains high environmental humidity. 
Under suitable conditions, root wounds caused during 
harvest and transportation are healed by the formation 
of a waxy substance called suberin. Roots conserve well 
for 4 to 6 weeks, time after which starch content drops 
slightly and sugar content increases proportionately. 
These changes, however, do not affect the final quality 
of the roots. The healing and storage period may vary 
with silo design and prevailing conditions in the region. 
The results of storing cassava roots in silos under 
environmental conditions different from those of 
CIAT–Palmira (mean temperature, 26 ºC and 70% 
relative humidity) may vary greatly. In some cases, 80% 
of the roots were healthy after 1 month of storage, but 
in others, all roots presented symptoms of 
deterioration. This variation is related to the 
temperature and relative humidity of the storage period. 
In cool humid periods, storage results can be 
satisfactory, but in dry hot periods when temperatures 
may rise rapidly and remain at more than 40 ºC, almost 
all the silage could be lost. Better results are obtained 
with silos that have openings to allow the entry and exit 
of air. 
Silos were first used to store cassava roots in 1974. 
This method had proven efficient at the experimental 
level, but has not yet been applied in the field. 
Wooden boxes. This method has proven to be very 
effective under the environmental conditions of CIAT–
Palmira. Cassava roots are packed in wooden boxes 
measuring 50 cm long, 29 cm wide, and 30 cm high, 
containing sawdust to one-third the depth. Humidity 
in the box should be 50% to favor the healing of root 
wounds and to prevent excessive moisture loss  
(Figure 25-7). The moisture in the sawdust should be 
carefully controlled: if too dry, then the wounds are 
not healed and the physiological deterioration of the 
roots occurs rapidly. If too moist, there is excessive 
development of secondary roots and roots present 
severe rot. 
The box is sealed with a wooden top, placed in 
the shade or in the field, and covered with a 
waterproof cloth. Under CIAT conditions, the internal 
temperature varies between 24 and 28 ºC when the 
roots are placed in the shade, or between 26 and 
34 ºC when they remain in the open field. 
In experiments conducted with this storage 
system, the quality of about 75% of the roots was still 
acceptable after 4 weeks of storage. However, if there 
is a delay of even 1 day between harvest and 
packaging, this percentage is reduced by as much as 
49%. Sawdust is the major drawback of this storage 
system because it contains insects and fungi and 
increases transportation costs. In practice, this 
method has been little used. 
Modern methods
Polyethylene bags. This new method of storing 
cassava roots addressed important issues such as 
time between harvest and packaging, effect of the 
sun on root quality, and required activity 
coordination. 
Figure 25-6. Cross-section of a pyramidal silo for storing 
cassava in the field. Figure 25-7. System of storing cassava roots in wooden boxes.
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The latter is decisive: harvesting, packaging, and 
treatment should all be done rapidly and efficiently. To 
achieve this, workers are divided into groups, with each 
group being assigned a task (or stage), for example, 
harvesting, selection, packaging, treatment, sealing, 
and transportation. As a result of this coordinated 
effort, there is: 
•	 A continuous, more efficient flow of work, with 
safer results. The opposite would occur if all the 
workers worked simultaneously on one stage of 
the process. 
•	 No accumulation of cassava roots from stage 
to stage. 
•	 Minimal damage of harvested roots when 
activities must be suspended because of rain or 
other causes, due to the short time that elapses 
between harvest, packaging, and treatment.
Figure 25-8 shows the stages of this method.
Harvesting of roots. Roots are harvested when 
plants are between 8 and 12 months old, that is, when 
yields are the highest. Care should be taken during 
harvest to avoid breaking or physically damaging the 
roots. Figure 25-9 shows different levels of damage 
and how they affect cassava’s suitability for 
conservation.
Roots are harvested manually, separating the root 
from the stem (or stump) using a machete or 
secateurs. The latter tool is more adequate, as a more 
precise and careful cut causes less damage to the root. 
A small piece of peduncle is left on the root so that the 
parenchyma is not exposed to air (Figure 25-10).
Selection of roots. Harvested cassava is classified 
into three categories (A, B, and C) according to root 
type (commercial or noncommercial) and magnitude 
of physical damage received (Table 25-2).
Overall, for category A, from 80% to 90% of the 
roots are commercial and show little or no physical 
damage, making them suitable for treatment and 
conservation.
For category B, a smaller volume of roots is 
classified as commercial but the severe damage they 
Figure 25-8. Flow of activities involved in the conservation of 
cassava in polyethylene bags. 
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present renders them non-apt for conservation. The 
frequency of roots falling into this category probably 
increases during summer months when harvesting is 
more difficult. Category B cassava has several potential 
uses: for sale in the fresh-root market for human 
consumption, as ensilage, as raw material for animal 
feed companies, or in starch production. 
Noncommercial roots (category C) can be used for 
some of the above-mentioned uses, thus taking 
advantage of the entire harvest. 
Packaging and treatment. Several aspects 
should be considered during this stage, as follows: 
Time between harvest and packaging. Results of 
experimental tests as well as past experiences indicate 
that packaging and treatment should be carried out as 
soon as possible after harvest. A delay of more than  
4 h may cause the complete loss of the entire produce 
due to physiological deterioration. The time elapsed 
between harvest and packaging should be less than 
3 h. This requires that pertinent tasks be performed at 
the harvest site itself or somewhere close by. 
Effect of the sun. The direct exposure of roots to 
the sun over a prolonged period will increase the risk 
of losing the harvest to physiological deterioration. 
Loss can be prevented by harvesting and packing roots 
at the harvest site during the early morning, late 
afternoon, or under shade. 
Materials and equipment for treatment. A minimum 
amount of equipment and additional materials must be 
available at the operations site, including: 
•	 A high-pressure pump or back sprayer, with a 
maximum capacity of 20 L.  
•	 A fungicide, usually Mertect 450 FW, to apply to 
roots.  
•	 Polyethylene bags. Two types are generally used: 
4-kg bags, 0.4 mm thick, measuring 21 × 
12 cm, and 12-kg bags, 0.6 mm thick, 
measuring 21 × 48 cm. The bag size used will 
depend on market needs.  
•	 Labels that provide the following information: 
name of company distributing the cassava, 
harvest and packaging dates, weight of content, 
guaranteed shelf life, and instructions for proper 
handling of product. This information can also 
be printed directly on the polyethylene bags.  
•	 An easy-to-handle scale, in good conditions.  
•	 Staplers adequate for the type of packaging 
used, with sufficient replacement staples or 
fasteners. 
Procedure. The following steps are involved: 
packaging of selected cassava roots, treatment with 
fungicide, and preparation of bags for transportation to 
marketing sites. 
•	 Only package undamaged, previously selected, 
commercial-sized roots (Table 25-2). Place roots 
in the bags in vertical position, with the peduncle 
facing upwards. Package roots of different sizes 
in the same bag to avoid filling the last bags with 
smaller roots.  
 Adjust the weight of the bags according to their 
capacity. If a 4-kg bag weighs less than the 
designated amount, then it is not fair to the 
consumer and, if the bag weighs more, then the 
farmer loses.  
•	 Apply the fungicide, which consists of a solution 
based on Mertect 450 FW at 0.4% 
concentration, once the roots have already been 
placed in the bags. To prepare the solution, first 
Figure 25-10. A good harvest practice is to leave a piece of 
peduncle adhered to the root. 
Table 25-2.  Categories in which cassava roots are classified 
according to use. 
 Category  Use of root  Physical damage Frequency  
   to root  in lot  
 A  Commercial  Slight or none  80%–90% 
 B  Commercial  Severe  5%–10% 
 C  Noncommercial Present or absent  5%–10%
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fill the fumigation tank (in this case, of 20 L) 
with water and then add 80 mL (0.08 L) Mertect 
(0.4% of 20,000 mL). Thoroughly mix the 
solution with a stick or with the pump lance. 
Replace pump filter and tank top. The fungicide 
solution is now ready for application. Introduce 
the lance of the pump into each bag and bathe 
roots with the solution, in particular root tips 
(Figure 25-11). 
 It is important to eliminate any excess fungicide 
solution from the bag because excess internal 
moisture favors the development of fungi. 
Turning the bags upside down to drain the 
excess liquid is not only impractical because 
roots could fall out but also represents 
additional labor. 
 The recommendation is to make diagonal cuts 
on the corners of the bottoms of the bags 
before beginning to pack the roots. These cuts 
prove highly practical, allowing the excess 
liquid to drain (Figure 25-12) while also helping 
to regulate the interior moisture of the bags, 
especially when roots have been harvested 
during the rainy season when moisture is 
excessive. This practice greatly favors root 
conservation. 
 Approximately 100 mL solution are needed to 
treat one 4-kg bag so 1 L Mertect 450 FW is 
enough to treat 10 t of cassava.
•	 Close the bags by folding the opened end of the 
bag 2 or 3 times and then staple the bag shut, 
using as many staples as necessary. Finally, 
staple the information label to the bag  
(Figure 25-13).
Transporting the bags. The polyethylene bags 
containing treated roots are transported in the same 
type of vehicles used to transport fresh cassava. 
However, because this first stage of the conservation 
process creates conditions that favor the healing of 
wounds or damage caused to the roots, which is very 
important for successful storage, prevailing climatic 
conditions should be closely monitored during 
transportation to ensure that the healing process 
continues unaltered. 
The internal temperature of bags during 
transportation should be approximately 30 °C. When 
the climate is warm, it is not advisable to keep bags 
inside the vehicle for long periods of time since their 
internal temperature should not surpass the maximum 
level allowed (40 °C). On the other hand, in temperate 
or cold climates, it is sometimes necessary to cover 
bags with a canvas to protect them from the cold. In 
extremely cold climates, for example in the Andean 
region, bags traveling long distances should be 
Figure 25-12. A diagonal cut at the bottom of the bag helps 
drains excess fungicide.
Figure 25-11. To treat with fungicide, introduce the spray lance 
into the bag and completely drench the roots.
Figure 25-13. The last step is to staple on the information label. 
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previously placed in a warm environment (30 to 40 °C) 
for 24 h to make sure that the wound healing process 
occurs prior to transportation. 
It is also necessary to know the conditions of the 
roads. If roads are in poor conditions and the distances 
to travel are great, roots will undoubtedly suffer physical 
damage, which will in turn affect their conservation. It is 
therefore advisable to place the bags within the vehicle 
in such a way that there is no contact between them 
during the trip. Groups of bags can also be placed in 
plastic or wooden containers. Finally, the vehicle should 
be driven carefully. 
When poor transportation conditions cause physical 
damage to the roots, guaranteed shelf life (usually 15 
days) is almost always reduced, possibly to 10 or 7 days. 
The distributor could request that the shelf life indicated 
on the label be modified accordingly. 
The temperature maintained during transportation 
should be maintained at the storage site upon arrival. 
Once it has been confirmed that root wounds have 
healed, bag temperature can be lower than 30 °C. 
However, under no circumstances should temperatures 
above 40 °C be accepted. 
Marketing. Marketing surveys carried out in 
Bucaramanga, Colombia (CIAT, 1991), indicate that 4-kg 
bags are most appropriate for local consumers. This 
amount of cassava is sufficient to satisfy the needs of an 
average-sized family (5 members) for one week and the 
bag adequately conserves the cassava as it is 
consumed. In places where cassava consumption is 
lower, the distributor could retail the cassava in the 
12-kg bags. This way the retail distributor benefits from 
the storage method and the consumer from the 
guaranteed quality of the product and the more 
favorable price. 
Consumer acceptance studies have also been 
conducted in Bucaramanga (CIAT, 1991), involving bags 
containing cassava conserved for 1 or 2 weeks 
postharvest. Based on the data gathered, it was 
concluded that consumers did not detect changes in the 
culinary quality of roots and that 90% preferred to 
purchase cassava conserved in the polyethylene bags 
described herein.
Applying paraffin to fresh cassava roots 
A little less than one fourth of the fresh cassava destined 
for human consumption is lost because the roots, once 
harvested, decompose 2 or 3 days later. This 
deterioration increases with increasing distance from 
the cultivation site to consumption centers and when 
the marketing of agricultural cops is deficient in the 
region. This is not an easy problem to solve. 
Because cassava deteriorates so quickly (CIAT, 
1976; 1987), it must be sold as soon as possible. 
Market prices vary significantly, affecting both 
producers and consumers. Much cassava is never sold 
because sales intermediaries discard it before it 
reaches the market. 
The former Technological Research Institute (IIT, 
its Spanish acronym) in Colombia conducted several 
studies on how to best conserve fresh cassava roots. 
Results highlighted the application of paraffin and IIT 
presented this method as an alternative to delay 
deterioration and reduce cassava marketing losses 
(IIT, 1972; 1973). 
Effectiveness 
This method guarantees root conservation because it: 
•	 Partially inactivates the enzymes present in 
cassava tissues
•	 Notably reduces permeability to oxygen and 
indirectly controls the action of peroxidases 
•	 Reduces water loss
•	 Reduces contamination by microorganisms 
due to the high temperatures used in 
treatment
•	 Controls fermentation because of reduced 
yeast count 
The application of paraffin therefore ensures 
good-quality fresh cassava, without notable changes 
in organoleptic characteristics, with a shelf life of 20 
to 30 days (IIT, 1972). 
Stages 
Basic stages of the paraffin treatment process are 
indicated in Figure 25-14. Because the application of 
paraffin does not improve cassava quality, only its 
conservation, it should only be used with roots 
presenting very good culinary quality (IIT, 1973).
Paraffin should be applied within 4 h postharvest. 
Therefore the facility where the paraffin is applied 
should be located close to cultivation sites or 
collection sites of fresh roots. 
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Harvesting. Roots should be harvested with 
extreme care to avoid damaging their surface  
(Figure 25-15). The process practically begins with the 
careful harvest of roots, which will ensure that a high 
percentage will be suitable for paraffin treatment. 
Leaving sufficient peduncle helps protect the roots 
from bacteria attacking that tip of the root while 
facilitating their handling during the paraffin treatment 
process.
In cassava-growing regions where paraffin is 
applied to roots, between 15% and 30% of the roots 
harvested prove suitable for paraffin treatment  
(A Martínez 2010, pers. comm.). The remaining roots 
are sold on the fresh market or used as raw material to 
prepare frozen chips, sticks, or croquettes.
Transportation to the paraffin treatment 
facility. Transport roots in wooden or plastic boxes, as 
is the case of most delicate crops. Maximum capacity 
of each box is 20 to 25 kg (Figure 25-16).
 Selection and classification. Once the roots 
arrive at the paraffin treatment facility, discard roots 
that are broken, damaged, or have an unacceptable 
size. Supermarkets usually define desired root 
dimensions depending on consumer preferences. 
During this first quality control check, also discard 
roots showing signs of physiological and microbial 
deterioration. 
Washing. Use good quality water, preferably 
potable water, to wash the roots. Remove superficial 
earth by scrubbing the root with a sponge or using a 
brush with soft plastic bristles to avoid damaging the 
peel (Figure 25-17).
Harvest and collection
Transportation
Selection 
Classification
Washing
Second quality control
Disinfection
Drying of roots
Application of paraffin
Cooling
Packaging
Figure 25-14.  Flow chart indicating the main stages of paraffin 
   treatment to fresh cassava roots.
Figure 25-15. Cassava roots harvested with care.
489
Conserving and Treating Fresh Cassava Roots
Then immerse the roots in a tank adapted with a 
bottom grid and a collector of solid residues to 
facilitate their precipitation, subsequent removal, and 
change of water. This system avoids dirty water 
mixing with clean water, while allowing the use of 
low-pressure water jets for sprinkling or spraying. 
Washing should completely eliminate any earth from 
the root surface so that the paraffin can adhere well 
to the root peel. 
Submit washed roots to a second quality control 
check to discard any roots found unsuitable that may 
have been missed during the first quality control 
check. Check roots for signs of deterioration, adjust 
stumps or peduncles, and remove parts of the 
epidermis that have become detached. 
Disinfection. After washing, spray roots with 
‘Lonlife’, a new product based on citrus seed oil that 
protects roots from the attack of fungi and bacteria 
(Figure 25-18), mixed with water as follows: 1 g of 
Lonlife in 1 L of water for a concentration of 250 ppm 
active ingredient.
Roots can also be disinfected with Mertect  
450 FW (thiabendazole) prepared by adding 1 mL 
product to 1 L water. Submerge the roots in the 
solution for 3 min. 
Figure 25-16. Packaging of fresh cassava roots in plastic boxes 
for transportation to paraffin treatment facility.
Drying of root surface. Cassava roots are left to 
air dry under shade by some companies. Others place 
roots in a hot-air oven or tunnel at 40 or 45 °C. Paraffin 
treatment requires that the root surface be completely 
dry. 
Paraffin treatment. A mixture of paraffin from 
China and locally obtained paraffin is generally used. 
Because of its rough consistency, the local paraffin 
does not adhere perfectly to the root peel. On the other 
hand, the finer Chinese paraffin adheres better to the 
peel and improves the appearance of the root; however, 
it is consumed in greater amounts during the process. 
Figure 25-17. Tank for washing fresh cassava roots.
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In Colombia’s coffee-growing region, some 
businessmen say that a 50%-50% mixture is perfect, 
processing some 4000 kg of fresh cassava (J Botero 
2000, pers. comm.) with only 50 kg of paraffin. Others 
only use Chinese paraffin.
Temperature and inmersion time must be perfectly 
controlled. The poor, excess, or insufficient application 
of paraffin due to timing or temperature issues not only 
voids the process, but could accelerate root 
deterioration. 
Submerge dry roots in a container with paraffin at 
a temperature ranging between 140 and 160 °C. If the 
temperature is below 140 °C, the root is covered with a 
very thick layer of dull-looking paraffin. Above 160 °C, 
paraffin evaporates hence its consumption would 
increase and roots could be even boiled. Have a 
thermometer on hand to permanently check the 
temperature of the container and turn the equipment 
on and off as necessary (J Botero, 2000, pers. comm.). 
Paraffin is usually applied manually (Figure 25-19). 
First introduce half of the root into the container, wait 
until the paraffin film cools, then introduce the other 
half and wait until that paraffin film cools. Place the 
treated roots on a table next to the container until 
cooled completely.
A stainless steel basket was developed in Armenia, 
Colombia (SENA, 2001) that allows batches of 2 or 
3 kg of roots to be treated at once (J Botero 2000, 
pers. comm.). The process only takes a few seconds—
the time it takes to lower the basket to the bottom of 
the container and then lift it out (Figure 25-20). Roots 
Figure 25-18. Lonlife is a product obtained from citrus seeds 
used to counteract fungi and bacteria attacking 
cassava roots.
Figure 25-19. Manual application of paraffin to fresh cassava 
roots.
Figure 25-20. Steel rod basket that holds from 2 to 3 kg of fresh 
cassava roots, used during paraffin treatment.
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should not remain in the paraffin more than 3 s to avoid 
subsequent cooking problems.
Cooling and packaging. Pack cooled roots in 
plastic boxes, when shipping to supermarkets, or 
wooden boxes (Figure 25-21). Boxes usually have a 
capacity to store 20–25 kg of roots. If you need to 
accelerate the cooling of the treated roots to avoid 
delays in shipping, submerge treated roots in cold 
water.
Based on April 2010 estimates, the cost of applying 
paraffin was COP460/kg fresh roots, distributed as 
follows: $130 for labor, $200 for paraffin, and $130 for 
packaging (A Martínez 2010, pers. comm.)
Roots should be free from wounds and cuts. Some 
supermarkets, however, request that the tip of treated 
roots be cut off so buyers can appreciate the quality of 
the parenchyma (Figure 25-22). This practice not only 
shortens shelf life to just 8 or 10 days, but increases the 
risk of the pulp becoming contaminated or acquiring a 
paraffin-like taste. Normal shelf life of intact roots 
ranges between 20 to 25 days (IIT, 1972; 1973).
Freezing of Cassava Chips or Sticks
Refrigeration, one of the techniques used to store fresh 
cassava, consists of storing roots in a cold storage 
room (temperature: 0–2 °C; relative humidity:  
85%–95%). Low temperatures inhibit enzymatic 
processes causing physiological deterioration of roots. 
If, in addition, roots are kept in plastic bags under good 
storage conditions, their shelf life is further extended. 
Refrigerate cassava immediately after harvest. Storing 
roots in a normal household refrigerator will keep them 
in good conditions for 5 or 6 days (ITT, 1978). 
However, before refrigeration, select and wash roots. 
Scrub the roots with a soft bristle brush to eliminate 
earth and mud; then apply a disinfectant. 
The sale of frozen, peeled cassava chips or sticks 
has increased in recent years. Some companies 
precook them before freezing to reduce the preparation 
time for the final buyer. The production of fresh 
cassava chips or sticks for freeze-conservation involves 
several stages (Figure 25-23). For complementary 
information, consult the guide distributed by 
CONGELAGRO, a Colombian company specializing in 
frozen foods, to its dealers (CONGELAGRO, 2000).
Harvest and selection
When a company markets fresh cassava for the 
production of frozen chips or sticks, it must first select 
the roots for paraffin treatment. Those that do not 
classify because of their lower quality are distributed to 
the local food markets or plazas as well as to the frozen 
chip market. Time of harvest is determined depending 
on cooking quality of roots. 
Reception of raw material
Upon reception of raw material, a first quality control 
check is performed to verify variety, size range, 
organoleptic quality, and degree of healthiness 
(absence of deterioration, physical damage, fungi, 
viruses, and bacteria). 
Organoleptic quality is assessed by cooking a 
sample of each material. Cooking time of 1 kg roots 
should take no longer than 20 min. In addition, the 
pulp should have a soft texture, good flavor, and 
preferably white in color. If not, then the quality of the 
raw material should be reevaluated.
Figure 25-21. Cooling the paraffin-coated roots in the basket 
used to submerge roots.
Figure 25-22. Applying paraffin to part of the root.
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Harvest and selection
First washing
Peeling
Removal of tips and chopping roots to 
form cylinder-shaped pieces
Deveining and  
chopping into sticks
Second washing and first 
disinfection
Third washing and second 
disinfection
Conservation treatment 
Draining and packaging
Fast freeze at –30 °C
Freeze storage
Reception
Control of root size, variety, texture, and 
flavor. Cook 1 kg of cassava. If it takes 
longer than 20 minutes to cook, then 
reevaluate the quality of the batch.
Use pressurized potable water and a 
brush. Change the water after washing 
every 200 kg of roots, outside the 
processing area.
Wash with potable water and then 
immerse in a disinfectant solution of 
active chlorine (Cl
2
) at 10 ppm from 
5 to 10 min. Prepare the solution with 
1 mL sodium hypochlorite (commercial 
bleach) at 2.5% in 1250 mL water. 
Change water every 200 to 500 kg, 
depending on the container.
Confirm if pulp color has been affected 
after submerging roots in disinfectant 
solution.
If washed in a container with jets of 
potable water, change water after 
washing every 100 kg of roots. Then 
immerse roots in a solution of 30 ppm 
Cl
2
 and 50 ppm quaternary ammonium 
[N(CH
3
)
4
] for a maximum of 7 min. 
Change the solution every 500 kg of 
roots.
Wash baskets with soap and water. 
Disinfect by spraying with a solution 
containing 50 ppm Cl
2
 and 200 ppm 
N(CH
3
)
4
.
30-kg bags. Disinfect table with a 
solution containing 25 ppm Cl
2
 and 
25 ppm N(CH
3
)
4
. Do not rinse off.
Maximum temperature of product on 
loading the van: –5 °C.
Wash hands and forearms with potable 
water and scent-free soap. Disinfect the 
container and dispenser with a solution 
of 15 ppm Cl
2
 and 200 ppm N(CH
3
)
4
.
Important note: The dose of sodium 
hypochlorite (commercial bleach) should 
be proportional to the recommended 
value (in ppm) of Cl
2
.
Figure 25-23. Stages of the production process of frozen fresh cassava sticks or chips.
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Total cyanide (CN-) content of pulp should be less 
than 60 ppm, usually, moist base . This parameter 
could vary depending on the variety. The cassava 
should not have a bitter taste, neither in the initial taste 
test upon reception of raw material nor in second taste 
test of end product.
Calibration and washing
Separate fresh roots according to length and diameter 
(commonly between 4 and 8 cm). Pressure-wash roots 
with potable water and, if necessary, use a brush to 
remove difficult earth or mud. If washing is performed 
outside the paraffin treatment facility, then change the 
water for each batch of 200 kg of roots when these are 
washed in 55-gallon containers. 
Blunting, chopping, and peeling. Remove 
extremes (stump and tip) of roots and cut into cylinder-
shaped pieces, 5 to 6 cm long (Figure 25-24). Then 
remove the cortex or thick peel from each cylinder 
(Figure 25-25).
Second washing and first disinfection. Wash 
cylinders with potable water for the second time and 
then submerge in a disinfectant solution of 10 ppm 
active chlorine (Cl
2
) during 5 to 10 min. Prepare the 
solution with 1 mL sodium hypochlorite (commercial 
product, at 2.5%) in 1200 mL water. During 
disinfection, permanently check the root pulp for the 
appearance of brownish-gray spots. Change the water 
used for washing as well as the disinfectant solution 
after each batch of 200 or 500 kg of cylinders, 
depending on the size of the container used for this 
operation. 
Elimination of fiber and formation of cassava 
sticks. Cut cylinders lengthwise to obtain four 
uniformly sized pieces that meet production company 
requirements. Carefully remove fibrous tissue or 
central vein from each piece (Figure 25-26).
Third washing and second disinfection. Wash 
sticks with potable water. If a container is used, then 
change water after each batch of 100 kg of sticks. 
Subsequently submerge sticks in a solution of 30 ppm 
active chlorine (Cl
2
) and 50 ppm quaternary 
ammonium [N(CH
3
)
4
] for a maximum of 7 min. 
Change the solution after each batch of 500 kg of 
sticks. 
Conservation treatment. To avoid subsequent 
contamination of cassava sticks and thus guarantee 
their quality to the end-consumer, submerge sticks in 
an aqueous solution containing preservatives such as 
Sorbate (200 ppm) and potassium erythorbate  
(25 g/100 kg of cassava) for 20 min. Figure 25-24. Removal of tips and chopping roots into cylinders.
Figure 25-25. Peeling the cylinder-shaped cassava roots.
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Draining and packaging
Drain the sticks (or cylinders) and package in low-
density polyethylene bags of predetermined capacity. 
Make sure the area used for packaging is completely 
clean and disinfected to avoid recontamination of the 
end product. 
•	 First wash the plastic baskets used to transport 
the product with soap and water and then 
disinfect by spraying them with a solution of  
50 ppm Cl
2
 and 200 ppm N(CH
3
)
4
. 
•	 Make sure all workers wash their hands and 
forearms with scent-free soap and potable 
water and then rinse with a solution of 15 ppm 
Cl
2
 and 200 ppm N(CH
3
)
4
 to avoid possible 
contamination of the product during this 
delicate stage of the process.  
•	 Disinfect tables where operations are carried 
out on with a solution of 25 ppm Cl
2
 and 
25 ppm N(CH
3
)
4. 
There is no need to rinse off 
the surfaces.  
•	 Keep all cleaning solutions in containers with 
dispensers.
Fast freezing
Packaged cassava sticks freeze quickly at –30 °C. 
Sometimes sticks (or chips) are first placed in ample 
containers and, once frozen, packaged and stored. 
Storage
Store packaged cassava sticks in cold rooms at –18 °C 
(Figure 25-27). After each operation, clean the work 
area and all equipment and tools (baskets, walls, trash 
cans, and other work elements) very well.
Quality control
Microbiological quality. The parameters 
established by CONGELAGRO, 2000, for suppliers of 
raw material (cassava roots) regarding the final 
microbiological status of the processed product (sticks) 
are as follows:
 Aerobic mesophyl count:  <100,000 colony   
   forming units (cfu)/g 
 Total coliform count: <500 cfu/g  
 Fecal Escherichia coli:  <10 cfu/g
 Fungi and yeasts:  <3,000 cfu/g
 Psychrophils:  <1,000 cfu/g
Figure 25-26. Deveining of roots by cutting cylinder-shaped 
pieces into four.
Figure 25-27. Cassava sticks packed and stored at freezing 
temperature.
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Each company purchasing or processing frozen 
cassava sticks establishes their own thresholds for 
these microorganisms, depending on their own 
standards of quality and the conditions in which the 
product is handled. 
Organoleptic quality. The organoleptic quality of 
cassava sticks is evaluated based on the following 
parameters: 
•	 Taste. After harvest, cassava should not have a 
bitter or unusual taste.  
•	 Texture. At time of purchase, the stick or chip 
should be frozen and rigid; at time of 
consumption, it should be fiber-free, with a 
soft, not hard, farinaceous consistency. Hard, 
peeled cassava is rejected by consumers.  
•	 Cooking time. It should not take longer than 
20 minutes to cook cassava using a traditional 
pot. 
Conclusions
The conservation and treatment methods or practices 
described herein, such as applying paraffin to cassava 
roots and preparing frozen cassava chips, have been 
successfully used by CIAT and others and are gaining 
importance in both national and export markets, 
mainly to USA and Europe.
Central American countries such as Costa Rica, 
which traditionally have not been cassava-growing 
countries, now export significant amounts of paraffin-
treated cassava and frozen chips to the USA and 
European markets. If the markets for these products 
continue to grow, Colombia could become a major 
supplier.
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